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Tissue bath system with air heating 

FIELD OF THE INVENTION 

The present invention relates to a tissue bath system for in-vitro investigation of 
S mammal tissue, preferable investigation of contraction forces of ventricular tissue. 

BACKGROUND OF THE INVENTION 

For experimental investigation as well as for clinical tests of mammal tissue, for ex- 
10 ample muscle fibres or ventricular samples, a number of apparatuses exist which com- 
prise a number of glass containers mounted on a rack with corresponding sensors in 
the containers for investigations of different kind. 

Such investigations are, for example, measurements of muscle contraction or contrac- 
15 tion of ventricular tissue by force transducers in dependence of extem stimuli. Appara- 
tuses of this kind are known from companies as World Precision Instruments Inc. 
(WPI) and AD Instruments and may be found in their catalogues or on their Web- 
pages www.wpiinc.com and www.adinstruments.com. 

20 The tissue containers in these systems have a double wall, wherein the tissue of inter- 
est is located in the sample reservoir inside the inner wall, and wherein water from a 
temperature control system with circulating water is flowing between the inner and the 
outer wall in order to create a desired temperature in the tissue bath. 

25 These systems have a number of disadvantages. Firsfly, the containers with double 
walls are very exp^sive to manufacture. As usually a number of these containers are 
used, the costs for such a system are rather high. Secondly, due to the attachment to 
water circulation tubes between the containers, demoimt and mounting of the contain- 
ers are difficult and time consunodng, usually resulting in a very rare cleaning of the 

30 water circulation system. The rare cleaning is also due to the &ct that, during the de- 
mountiuig.process, water will run uncontrolled out of the system, which in many cases 
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is experienced as an annoying moment The consequence of the rare cleaning is that 
the water through the double wall system often results, on the one hand, in deposits as 
calcification or algae in the containers between the two walls and, on the other hand, 
in a general calcification of the tubing system connecting the containers for the water 
S circulation. Thus, after already a short while of usage, the containers are practically 
opaque. Furthexmore, the calcification implies that tubes for the heating water are very 
hard to remove firom the containers with a risk of breaking the containers when trying 
to remove the tubes. This, in addition reduces the tendency to clean the system. 

1 0 For such systems, it is generally known, that they already after a short while transform 
from a clean and neat system to a system filled with deposits of various kinds. 

DESCRIPTION / SUMMARY OF THE INVENTION 

15 It is therefore the object of the invention to provide an improved tissue bath system, in 
particular for myocardial studies, which is easy to clean and does not have the afore- 
m^Ltioned disadvantages. 

This object is achieved by a tissue bath system with at least one sample container and 
20 at least one sample holder for holding at least one tissue sample inside a tissue me- 
dium in the at least one container, the at least one sample holder being connected to at 
least one force transducer for measuring force exerted on the at least one holder by 
contraction of the at least one tissue sample upon stimulation. The system further 
comprises a temperature regulation system for regulating the temperature of the tissue 
25 medium in the at least one sample container. The invention is further peculiar in that 
the system comprises a container station with at least one chamber for placement of at 
least one sample container in the at least one chamber, wherein the temperature regu- 
lation system has means for providing a temperature regulated air stream into the at 
least one chamber for regulation of the temperature in the container. 

30 

Because of the fact that the temperature regulating inedium is air, no calcification oc- 
curs, and the system stays clean. Also, occurrence of algae in the tube system and in 
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any double walls of containers is prevented. Therefore, in contrast to systems accord- 
ing to prior art, transparent containers in a systan according to the invention stay 
transparent without any need of thorough and frequent cleaning of double wall sys- 
tems. In addition, when cleaning is desired, no water will pour uncontrolled out of the 
5 system. Furthermore, the system is easier to keep clean and a higher standard of clean- 
ness can be achieved because the containers can be made of a simple kind which is 
easy to demoimt and suited for an autoclave. 

Heating or cooling with air has proved to be possible with high accuracy for the tem- 
1 0 perature in the reservoirs which usually are filled with a buffer solution. 

Each of the at least one chamber may have an air inlet configured to regulate the flow 
of air through the air inlet, for example by closing or opening for the flow of air or 
optionally by various regulation of flow. 

15 

In a further embodiment, the tissue bath system according to the invention comprises a 
plurality of chambers, each chamber being configured for placement of one container. 
In this case, each chamber, at least partly surrounding the container, may have its own 
air supply, for example with a regulated air inlet which automatically only allows air 
20 for cooling or heating to enter the chamber if a container is placed in the chamber. 

In a fiarther embodiment, each sample container has a sample reservoir and a fluid 
channel from the reservoir traversing a wall of the container. The container station 
comprises a plurality of placement sections configured for placement of a sample con- 

25 tainer in each placement section, wherein each placement section has a fluid transport 
unit configured for coupling to the fluid chaimel of the container for transport of fluid 
through the fluid channel when the container is placed in the placement section. This 
embodiment is advantageous, as fluid is transported only when a container is placed in 
the placement section. This prevents accidents, where sample mediimot is spilled under 

30 uncontrolled conditions. 
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In a further embodiment of the invention, the fluid channel is in the lower part of a 
side wall of the container or in the bottom of the container. The fluid channel may be 
used for transport of liquid to and from the reservoir of the container and/or for trans- 
port of gases. In this case, the fluid transport unit comprise a liquid discharge/supply 
5 tube for regulated discharge or supply of solution from or to the reservoir and/or a gas 
supply for regulated supply of gas to the reservoir. Especially for the gas supply, it is 
desired that the gas is supplied from the bottom in order to have a maximum uptake of 
the gas in the solution in the reservoir. In order to have a thorough and even distribu- 
tion of gas, for example oxygen, in the reservoir liquid, the gas supply may comprise a 
10 porous rod, for example a sintered metal rod with suitable porosity for passage of the 
gas through the rod extending into a connected reservoir. 

In order to prevent accidents, where solution from the reservoir in the containers flows 
uncontrolled over the top edge of the containers and spills into the chamber, each con- 
15 tainer has an overflow tube in a upper part of the reservoir and the container station 
has for each placement section a co-operating overflow receiver connected with a liq- 
uid discharge system for discharge of liquid from the reservoir through the overflow 
tube. 

20 In a preferred embodiment, the container has a cylindrical fluid chaimel extending 
from the container, and the fluid transport unit comprises a corresponding 2Ldapter for 
sealing engagement with and around the flxiid channel when a container is mounted in 
the placement statioru The fluid transport unit is demountable from the placement sta- 
tion for maintenance and cleaning purposes. 

25 

In a further embodiment of the invention, the container station has for each placement 
section a sensor configured to determine whether a container has been placed in the 
placement section or not. This is useful in case that the containers are used for auto- 
mated experimental work in connection with data analysis. Erroneous data because of 
30 nodssing reservoirs are hereby avoided. Furthermore, by proper programming, it is pre- 
vented that buffer solution can be pumped through the fluid transport unit if a contain- 
ner is missing I a placement section. Thus, the sensor also prevents accidents in con- 
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nection with experiments that may be performed with an apparatus according to the 
invention. 

Advantageously, the air inlet, the valves for the supply and discharge of solution and 
5 the sensor are ftinctionally coupled to a control unit, the control unit being pro- 
grammed for only allowing the transport of fluid by the fluid transport unit and only 
allowing the circulation of air into the at least one chamber if the sensor detects a con- 
tainer placed in the placement section. 



10 The reservoirs of containers may have to be filled with a buffer solution. Such a buffer 
solution may be provided from a storage tank at another location, for example the 
other end of the laboratory. However, it is much more convenient for the user if the 
container station has at least one solution tank for supply of solution to at least one 
reservoir. The solution may be added through the top opening of the containers. How- 

1 5 ever, the invention foresees that the tank is connected to a tubing system which is con- 
nected to the placement section and the fluid transport unit through a valve such that 
the solution may enter the reservoir through the opening in the bottom part. This is the 
more convenient if the reservoirs are closed with a lid. 



20 Optionally, the reservoirs of the plurality of containers have identical heights even 
though other differences between the containers may be present. This does not only 
have an aesthetic value but also simplifies the development of technical features of the 
apparatus for different containers as will become more apparent below. However, typi- 
cally, not only one volume of reservoirs is desired, but a range of containers with res- 

25 ervoirs with different volumes. For example, it may be desired to apply containers in 
the apparatus according to the invention with reservoir volumes of 5ml, 10ml, 20ml, 
or 50ml. It may even be so that small and large reservoirs are used at the same time. In 
this case, having regards to the fact that the containers may have a fixed heights, this 
may be achieved by providing at least two containers that have reservoirs with 

30 different widths in order to have different volumes. 
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In isolation, a container for a tissue bath system according to the invention may have a 
fluid chamel in the bottom and an overflow tube in an upper part of the reservoir for 
discharge of liquid from the reservoir through the overflow tube. For an apparatus • 
according to the invention, the possible customer may want to purchase a set of con- 
tainers of the type as described in the foregoing, wherein the reservoirs of the contain- 
ers have identical heights but at least two of llie reservoirs have different widths in 
order to achieve different volumes. 



A force transducer applicable for a system according to the invention may be mounted 
10 in a housing limiting the bending of the transducer to less than the proper m^^yiTn^^T" 
amount of bending. 



SHORT DESCRIPTION OF THE DRAWINGS 
1 5 The invention will be explained in more detail with reference to the drawing, wliere 



FIG. 1 is a drawing of the apparatus according to the invention, 

FIG. 2 shows the apparatus with removed doors in front of the chambers, 

FIG. 3 shows a close-up drawing of a placement section with chamber, 

20 FIG. 4 shows a close-up drawing of a part of the front panel with tubing and valves, 

FIG. 5 shows two embodiments with different volumes of the container, 

FIG. 6 is a technical drawing of a placement section and a container according to the 
invention, 

FIG. 7 shows a sample holder with force detector, 

25 FIG, 8 an enlarged drawing of a container and the removable adapter. 



DETAILED DESCRIPTION / PREFERRED EMBODIMENT 



FIG. 1 is a drawing of the tissue bath system 101 according to the invention. The sys- 
30 tern 101 comprises a plurality of sample contmners 102 and a plurality of samples 
holders 103 for holding tissue samples inside a tissue medium in the containers 102. 
The medium and the tissue are not shown. The sample during experiment is connected 
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to force sensors 104 with transducers for measuring force exerted on the holders 103 
by contraction of tissue samples in the container 102 upon stimulation. Such stimula- 
tion may be achieved chemically or through electrodes placed inside the mediijm in 
the container. 

5 

A sample holders 103 with detector is explained in greater detail in connection, with 
FIG. 7. The sample holder 103 comprises a rod 701 with a hook 704 and a wire 702, 
between which the tissue 703 to be measured is mounted. Upon stimulation, the tissue 
703 of interest may contract, which pulls the rod 701 and the wire 702 together, which 
10 is measured by the sensor 1 04 with transducer. 

The tissue bath system 101 as shown in FIG. 1 and FIG. 2 comprises a containex sta- 
tion 105 with a number of chambers 106 for placement of sample containers 102 in 
the chambers 106. FIG. 2 differs from FIG. 1 in having removed chamber doors 107. 
The chamber door 107, when in place, tightens the chamber 106 around the upper- part 
of the container 102 in cooperation with a collar 108. In the shown embodiment^, one 
container 102 is placed m each chamber 106. Even though tiie container station. 105 
may be constructed with larger chambers 106 for placement of more than one con- 
tainer 102, for example with only one chamber for all shown containers 102^ the 
shown embodiment with individual chambers 106 for containers 102 is preferred, be- 
cause this enhances and facilitates the control for proper temperature regulation with 
air. For the temp^ature regulation of the tissue samples and the liquid in the comtain- 
ers 102, the system according to the invention has a temperature regulation system for 
providing a temperature regulated air stream into the chamber 106 for regulation of liie 
temperature in the containers 102. 

A more detailed drawing of a chamber 106 with removed chamber door 107 and collar 
108 is shown in FIG. 3a with a container 102 and FIG. 3b without a container. For 
better understanding, the chamber door 107 as shown in FIG. 1, one side wall, and the 
upper collar as shown in FIG. 2 has been removed. The chamber door 107 is mouaated 
on hinges 303, such that it can be opened in a rotational mann». The advantage of 
having a door 107, which can be opened, is that the chamber 107 inside easily can be 
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cleaned and a proper access for removal and placement of the contaixier 102 is possi- 
ble. 

In order to regulate the temperature of the container 102, the chamber 106 has an air 
5 inlet 310 and an air outlet 302 for circulation of air inside the chamber 106. The circu- 
lation of air inside the chamber 1 06 is used for regxilating the temperature in the con- 
tainer 102. Typically, tissue samples have to be maintained at a temperature between 
35 and 40 degrees centigrade, which causes a demand for heating of the containers 
102 because the surroundings usually are at normal room temperature aroxmd 22-24 
10 degrees centigrade. However, the air stream through the chamber 106 can as weU be 
used to heat the containers 102 to any other temperature, and can optionally also be 
used to cool the containers if this should be necessary. The latter, however, requires 
that the system is constructed not only for heating but also for cooling. 



15 The air through the inlet 301 is provided from an air heating system or an air heat- 
ing/cooling system independent of the actual needs. A typical heating system would 
typically comprise of a fan for transporting air through the system coupled to a heated 
or cooled heat exchanger. A tubing system is used for transporting air from the heat 
exchanger to the inlet 301 of the chamber 106. Through a corresponding tubing sys- 

20 tern, the air from the outlet 302 is circulated to the heat exchanger, which is a pre- 
ferred solution, but it is also possible to simply discharge the air through an outlet 302. 

As it also appeared from FIG. 3, the sample holder 103 extends into the container 102. 
The sample holding wire 702 and the sample 703 is not shown in this figure. In order 

25 to remove the container 102, the sample holder 103 is removed from tbie container 102 
in an upward direction. This upward direction may be caused manually or automati- 
cally. For a manual operation, a pressure on the switch 705, as shown in FIG, 7, re- 
leases the holder 103, and it may manually be lifted upwards or moved downwards in 
dependence on the intention. In order to ease lifting, the holder 103 may be supported 

30 with a spring forcing the holder in an upward direction. Alternatively, this upward 
direction may be achieved by an automatic movement of the sample holder, where the 
automatic movement can be initiated by a pressure on switch 705. la the automated 
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embodiment, a simple pressure action on switch 705 causes the sample holder to be 
lifted to a position, for example 20 nun, above the top edge of the container 1 02. 

A container 102 is shown in further detail in FIG. 5a. The container 102 has a top part 
5 901, the rim of which corresponds to opaiing defined by the collar 108 and the door 
107 as shown in FIG. 1. Widi reference to FIG. 5a, the container 102 has a lower part 

502 confining the reservoir 503 inside the container. In order to prevent the reservoir 

503 to be overfilled such that buffer solution or liquid is flowing ova- the top part 501 
of die container 102 and into the chamber 106, the container 1 02 has an overflow tube 

10 504. 



As shown in better detail on FIG. 3, the overflow tube 504 cooperates with an over- 
flow receiver 304. The overflow receiver 304 cooperating with the overflow tube is 
connected by the liquid discharge system for discharge of liquid from the container 
15 102 through the overflow tube 504. The discharge system may be a separate container 
inside the housing of tiie container station 105. Alternatively, the discharge system 
may comprise a tubing which is cormected to an extern discharge unit. 

The ovaflow tube in co-operation with die overflow receiver xnay act as a support for 
20 the container 1 02. In this case, the container does not need a high precision for the 
distance firom the overflow tub to the bottom of tiie container. Thus, as illustrated in 
FIG. 6b, the container need not be manufactured with such a precise length that it rests 
on the surface of the placement station. This is also one of tbie advantageous aspects 
that keep the production costs low for the containers. 

25 

As can be readily recognised from FIG. 5a and FIG. 5b, the container 102 has a fluid 
channel 505 for fluid transport in and out of the container 102, Such fluid may typi- 
cally be a buffer solution in which tissue sample is stored for experimental investiga- 
tion. Such fluid may be supplied or discharged through the fluid channel 505, also 
30 from the fluid channel 505, gas may be supplied, for example oxygen which is usually 
added to flie buffer solution in order to keep the condition of the tissue sample at 
proper perimeters. A typical gas mixture used for living tissue consists of about 95% 
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oxygen and 5% carbon dioxide. The relative amount of carbon dioxide influences the 
pH of the buffer solution. 

For convenience, diffCTcnt containers 102 may have different volumes. However, in 
5 order for an easy mounting, the volume of the reservoirs 503 among different contain- 
ers 102 may vary by varying the width of the reservoirs, which is illustrated in FIG. 5a 
in comparison with FIG. 5b. 

The fluid channel 505 extends into an adaptor 305, as shown in FIG. 3b. The adaptor 
10 305 may comprise an o-ring or other kinds of sealijag rings for sealing engagement 
around the fluid channel 505. The adaptor 305 is part of the fluid transport unit 801 
shown in greater detail coimected to a container 102 in FIG. 8a and 8b. The fluid 
transport unit 801 has a liquid discharge/supply tube 802 and a gas supply 803 for 
supply of gasses such as oxygen and carbon dioxide into the reservoir 503 of the con- 
15 tainer 102. The gas supply 803 surroxmds a temperature sensor 804, shown enlarged in 
FIG. 3b, which extends into the reservoir 503. The temperature sensor 804 and the gas 
supply 802 as well as the liquid discharge/supply tube 802 are mounted tightiy in the 
fluid transport unit 801 such that liquid can only be supplied and discharged through 
the discharge/supply tube 802 and gas can only be supplied through the gas supply 
20 803. 

With reference to FIG. 1, 2 and 3a, if the container 102 has to be removed firom cham- 
ber 305, the door 107 of the chamber 106 is opened, the sample holder 103 is removed 
in an upwards direction after which the container 1 02 can be removed by tilting it out 
25 of the discharge receiver 304 and the adaptor 305. 

The fluid transport unit 801 is in contact with the solution in the reservoir 503 when a 
container 1 02 is mounted in the chamber 1 06 and filled with a liquid medium. There- 
fore, it has been foreseen that the fluid transport unit 801 also can be demoimted firom 
30 the container station 105 such that not only the container 102 can be cleaned in an auto 
clave, but also the fluid transport unit 801 . 
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For a better understanding, a placement section 601 is shown together with a container 
102 in FIG. 6a, 6b and 6c in different perspectives and in cross section. In addition, a 
part of the overflow receiver 304 is shown as well "in connection with the overflow 
tube 504 of the container 102. The placement section 601 may be a unit which can be 
5 removed from the container station 105, but this will usually not be necessary, and the 
placement section 601 may be secured to the container section 105, for example by 
corresponding screws. The placement section 601 has a gas supply coimector 602 con- 
figured for cooperation with a gas supply tube in the container station 105, 

10 In order to secure that gas and liquid only will be led through the fluid transport unit 
801 if a container 102 is in place, the tissue bath system 101 according to the inven- 
tion may for each placement section 601 and chamber 106 comprise a detector 307, as 
shown in FIG. 3b, for detecting whether a container 102 is placed in a chamber 106 or 
not. The detector 307 may be an infra-red detector. 

15 

In FIG. 6b, the container 102, the door 107 and the placement section 601 are shown 
in a cross-sectional view and, as can be readily recognised, a sealing ring 603 tightens 
the outer lim of the fluid channel 505 of the container 102. The fluid channel 505 is in 
connection with liquid discharge/supply tube 802. 

20 

In order to indicate that a container 102 is placed in a chamber 106 and has been de- 
tected by the detector 307, a small lamp 604 at the front of the placement section 601 
may indicate that the container 102 has been detected and that supply and/or drainage 
of the fluid is possible and not blocked because of the missing signal from the detector 
25 307. 



The container station 105, as shown in FIG. 1 has a front panel below the placement . 
section inside the chamber 305. This front panel 110 may covered with a cover lid 109 
where the cover lid is 109 hinged such that opening of the cover lid 109 gives access 
to the front panel 1 10. An enlarged drawing pf this lower front panel is shown in FIG. 
4. Comparing FIG. 6 and FIG. 4, it may readily be recognised that the dis- 
charge/supply tube 802 is connected to a T-piece 401, which again is connected to a 
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supply tube 402 and a dischairge tube 403. The amount of liquid to be supplied or dis- 
charged is regulated by valves 404 and 405, which are pressure valves exerting pres- 
sure on the elastic tubing of supply tube 402 and discharge tube 403. 

5 The temperature sensor 804 is electrically coupled to a wire 408 having a plug 406 
connected to a data read-out system. In order to remove the fluid transport unit from 
the chamber 106, the plug 406 as shown in FIG. 4 is pulled out the respective socket 
and the T-piece 40 is removed from the supply/discharge tube 802. After this simple 
operation, the fluid transport unit 801 can be removed from the placement section 601. 

10 

In order to regulate the gas supply, for example the supply of an oxygen mixture with 
carbon dioxide to the reservoir 503 in the container 102, as illustrated in FIG. 6a, the 
supply of gas may be regulated by a manually adjustable gas valve 605. Alternatively, 
the valve 605 may be automatically adjustable for example through a computer steered 

15 system (not shown). Likewise, the valves 404, 405 are electrically controlled. This 
may as well advantageously be achieved through a computerized control system. For 
flushing and cleaning of the reservoirs 503 of the containers 102, the inlet valve 404, 
as shown in FIG. 4, may be opened for certain periods after which the inlet valve 404 
is closed and the drainage valve 405 is opened. This may be repeated for a certain 

20 number of times. 

The container station, as shown in FIG, 1, has a number of receptacles 111 for con- 
taiimient of solution tanks 1 12. Each of the solxition tanks 1 12 in the container station 
105 is connected with a pressure tubing 1 13 to a gas storage. The pressure tubing 113 

25 leads gas under presstire into the tank 112, w^hereby solution from the tank 112 is 
pressed into the solution supply tube 402 extending through the container station and 
connected to the T-piece through a regulating inlet valve 404. The gas used to press 
tiie solution out of the tank 1 12, is the same gas that is used for supply to the container 
102, for example a mixture of oxygen and carbon dioxide. This ensures that the solu- 

30 tion in the tank 112 has the same maximum content of gas in the solution as the solu- 
tion of the container, where additional gas may "be supplied. The typical gas to be used 
is mixture of 95 % oxygen and 5 % CO2. The relative amount of CO2 deteraiines the 
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PH of the buffer solution and may be varied independent of the desired PH of the solu- 
tion. The solution in the tank and in the solution tank 112 will be saturated with the 
provided gas under usual experimental conditions. 



5 Each of Hie gas supplies to the tanks 1 12 through pressure tubing 1 13 can be shut off 
by switches 114 in the container station 105. The gas supplies for the tanks may be 
kept at a constant pressure, such that the pressure defines the throughput through the 
T-piece in dependence of the average time by which the inlet valve 404 is open. For 
instance, if fast filling of the container 102 is desired, the inlet valve may intermit- 
10 tently be opened for longer intervals than if a slow filling of the container 102 is de- 
sired. 



It is preferred that the system according to the invention is managed through a com- 
puter program from an external coaiputer for example a PC. However for communica- 

15 tion between the computer program and the hardware in the system according to the 
invention, electronic boards are located inside the container station 105. This elec- 
tronic board controls all signals to and from the electronic and electric hardware com- 
ponents. Data from the force transducer and other detectord are transmitted through a 
data communication board and a data bus to the computer for analysis and further con- 

20 trol. 



25 



The invention may be supplied by other types of sensors than explained above. For 
example, a pH sensor and a sensor for detection of the oxygen content may be in- 
stalled in addition. 



Instead of using a tubing system for transfer of heated air from a central heating sta- 
tion, there may be used a heat exchanger for each chamber. A small fan for air circula- 
tion may be started and stopped in dependence of the temperature in the reservoir. As 
a further alternative, the fan may be running continuously if a container is placed in 
30 the placement station and the heat exchanger may be activated or deactivated in de- 
pendence of the desired temperature and the temperature measured by the temperature 
detector. 
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In the showa embodiment, the fluid transport unit is used for supply and for discharge 
of liquid. However, a flow of bufifer solution may be achieved through the container, 
for example by supplying liquid from the bottom and using the overflow tube. Alterna- 
tively, solution may be supplied from the top by respective supply means and the solu- 
5 tion may be discharged through the bottom in order to achieve a steady flow. 
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NUMBERING LIST 



01 tissue bath system 

02 sample containers 

03 sample holders 

04 force sensors 

05 container station 

06 chamber 

07 chamber door 

08 collar 

09 cover lit 

10 front panel 

1 1 receptacles 

12 tanks 

13 pressure tubing 

14 switch 
301air inlet 

302 air outlet 

303 hinges 

304 overflow receiver 

305 adaptor 
307 detector 

401 T-piece 

402 supply tube 

403 discharge tube 



30 



35 



40 



45 



50 



404 valve for supply tube 

405 valve for discharge tube 

406 plug 

407 socket 

408 wire 

501 top part of container 102 

502 lower part of container 102 

503 reservoir of container 102 

504 overflow tube of container 102 

505 fluid channel 

601 placement section 

602 gas supply connector 

603 sealing 

604 small lamp 

605 gas valve 

701 rod 

702 wire 

703 tissue 

704 hook 

705 switch for movement of sample 
holder 103 

801 fluid transport imit 

802 liquid discharge/supply tube 

803 gas supply 

804 temperature sensor 



